Introduction
COPD is characterized by persistent airflow limitation that is associated with an enhanced chronic inflammatory response to noxious particles or gases in the airways and lungs. 1 It was reported that COPD was the third leading cause of death in 2012 by the World Health Organization. 2 Patients with COPD often have limited daily physical activity (PA). The level of PA was reported to be associated with decline of lung function and increase in hospitalizations. 3, 4 Moreover, the decline of daily PA was shown to be the strongest predictor of mortality in patients with COPD. 5 Recently, an accelerometer was used for evaluating PA in COPD because of its accuracy. We have validated triaxial accelerometers 6, 7 and have evaluated the features of PA 8 and the efficacy of medication for PA in COPD. 9 However, equipment and several days for evaluation are required.
The modified Medical Research Council (mMRC) Questionnaire is widely used for assessing the severity of breathlessness in patients with COPD. This questionnaire was reported to be consistent with other measures of health status and to predict the decline of lung function and future mortality risk. [10] [11] [12] Although the severity of breathlessness is assumed to be associated with PA, the differences in PA in patients
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hayata et al with COPD according to the mMRC grade have not yet been clearly established. We hypothesized that the mMRC grade could detect low PA in patients with COPD.
The aim of this study was to investigate the differences in PA measured by a triaxial accelerometer according to the mMRC grade and also to investigate the mMRC grade that can detect low PA in patients with COPD.
Methods subjects
Stable COPD patients (aged $60 years) following treatment in accordance with the guidelines and without any other diseases that might interfere with walking were recruited from among the outpatients of Wakayama Medical University Hospital. COPD was diagnosed if the following condition existed: a postbronchodilator forced expiratory volume in 1 second (FEV 1 )/forced vital capacity of 0.7. The patients were excluded if they had any other pulmonary diseases, such as asthma and bronchiectasis, or experienced exacerbations during the 4 weeks prior to the study.
Protocol
Patients' age, sex, height, weight, smoking status, treatments, mMRC grade, spirometry, and PA were examined in a crosssectional manner. Each patient wore a triaxial accelerometer, Actimarker (Panasonic, Osaka, Japan), for 2 weeks in order to measure their PAs. Written informed consent was obtained from all patients, and the study was approved by the local ethics committee (Institutional Review Board committee of Wakayama Medical University; authorization number: 968) and was registered with University Hospital Medical Information Network (UMIN) center (UMIN 000006293).
assessment of Pa
The Actimarker is a small (74.5 ×13.4 ×34.0 mm) and lightweight (36.0 g) accelerometer that is worn only at the waist and can be continuously monitored for over 1 month. The Actimarker has already been validated for evaluating PA in COPD in terms of intensity. 7 From the 2 weeks of monitored data, 3 consecutive nonrainy weekdays from the beginning, except the first and last days, were extracted, and the mean values of PA duration from the extracted 3 days were employed as representative values of PA for the individual according to a previous investigation. 7 In addition, we calculated the PA level (PAL) that was the value of metabolic equivalents multiplied by their durations (METs⋅hour). The American College of Sports Medicine and the American Heart Association recommended that older adults need moderate-intensity (between 3 METs and 6 METs) aerobic PA for a minimum of 0.5 hours for 5 days of each week. 13 Therefore, we regarded the patients with PAL 1.5 METs⋅hour as those with low PA.
assessment of mMrC grade
The mMRC grade is a five-point scale based on the severity of a patient's breathlessness related to PA. Current guidelines advocate the use of this scale to assess symptoms. 1 In this study, the mMRC grades were assessed by the study physicians.
statistical analysis
Statistical analysis was performed using GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA). KruskalWallis test and post hoc Dunn's multiple comparison test were used for comparison of PA durations and PAL among the patients of each mMRC grade. Chi-square test was used for comparison of the proportion of patients with low PAL among the mMRC grades. Using a receiver operating characteristic (ROC) curve, we determined the cutoff points for identifying the patients with low PAL. A P-value of 0.05 was considered significant.
Results
Ninety-eight patients with COPD were included in this study, and the characteristics of the included patients are shown in Table 1 . Ninety-two patients (93.9%) were males, and the numbers of patients with Global Initiative for Chronic Obstructive Lung Disease (GOLD) stages I, II, III, and IV were 14 (14.3%), 50 (51%), 22 (22.4%), and 12 (12.2%), respectively.
Significant differences in the PA duration according to the mMRC grade were confirmed at all intensities ($2 METs: P=0.01, $2. Figure 1A-D) . With the post hoc analysis, the reduction of the PA duration was significant for the patients with mMRC grades 3 and 4 at $2.0 METs ( Figure 1A ) and with mMRC grades 2 and 3 at $2.5 METs (Figure 1B) , as compared to those with mMRC grade 1.
The PAL, which was calculated by METs⋅hour at $3 METs, was also significantly different according to the mMRC grade (P0.005; Figure 2 ). However, there were no significant differences among the mMRC grades by the multiple comparison test. More than half of COPD patients (59.2%) had a low PAL 1.5 METs⋅hour. Even among the patients with mMRC grade 0, the proportion of those with low PAL was 45.8%. The proportion of the patients with low PAL was significantly increased as the mMRC grade increased and significantly higher in patients with mMRC grades 2 and 4 than those with mMRC grades 0 and 1 (Figure 3) .
Using an ROC curve for identifying the patients with low PAL, mMRC grade $2 was the most balanced cutoff point and yielded 51.7% sensitivity and 80.0% specificity (area under curve =0.66) (Figure 4) .
Discussion
We could demonstrate differences in PA duration or PAL measured by triaxial accelerometer according to the mMRC grade in patients with COPD. Among the COPD patients, 59.2% had low PAL, and even among the patients with mMRC grade 0, low PAL was observed in 45.8% of them. An mMRC grade $2 was the most balanced cutoff point for identifying patients with low PAL.
PA durations among the mMRC grades were significantly different at all intensities. Pitta et al 14 reported that patients with COPD had shorter periods of walking time per day than healthy elderly individuals (44 minutes and 81 minutes, respectively). Sakamoto et al 15 reported these values as 47.5 minutes in COPD and 106.5 minutes in healthy subjects. In our study, the mean PA duration at $3 METs, which is the intensity of a normal walking speed for a healthy adult, was about 40 minutes in COPD patients with mMRC grades 0 and 1, which is similar to previous reports. We previously reported that the reduction rate of PA in COPD patients was 50.9% at $3 METs. 8 This study showed that the PAL was significantly different according to the mMRC grade, and the proportion of the patients with low PAL was significantly increased as the mMRC grade increased. Watz et al 16 reported that the proportion of very inactive patients markedly increased in patients with an mMRC grade $2 compared with chronic bronchitis, which seems to be consistent with our results. However, this was not statistically evaluated, and the differences in PA according to the mMRC grade in patients with COPD were not clearly demonstrated. 16 In this study, using an ROC curve for identifying the patients with low PAL, an mMRC grade $2 was the most balanced cutoff point that yielded 51.7% sensitivity and 80.0% specificity. This result means that an mMRC grade $2 strongly suggests a marked reduction of PA. The reason for the low sensitivity may be that not only breathlessness but also sociodemographic, lifestyle, and environmental factors, as well as other clinical and functional variables, affect the PA in patients with COPD. 17 In GOLD, 1 mMRC grade $2 was used as a cutoff point for stratifying the impact of COPD on an individual patient, which is compatible with our results.
GOLD has recommended adjusting the therapeutics by evaluating the degree of symptoms, breathlessness, airflow obstruction, and frequency of COPD exacerbations. 1 In this study, the value of FEV 1 % predicted was correlated with the mMRC grade (r=−0.559, P0.0001) and PAL (r=0.329, P0.001 with linear regression analysis). We previously reported an association between the severity of airflow obstruction and breathlessness assessed by the mMRC questionnaire. 18 Moreover, this study showed that the mMRC questionnaire was a useful tool for estimating the level of daily PA. These results suggest that an objective evaluation of the breathlessness assessed by the mMRC questionnaire in daily practice could play an important role in improving COPD management.
However, in COPD patients, the efficacy of the pharmacological or the nonpharmacological treatments on dyspnea has been reported, [19] [20] [21] [22] but their efficacy in PA is still controversial. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] This discrepancy might occur because the effect of treatment on PA was modified by not only dyspnea but also other factors, including several clinical and functional variables. However, the dyspnea grade could be one of the important predictors of PA in COPD patients.
This study had several limitations. First, the number of recruited patients was small. A larger study will be required to determine the usefulness of the mMRC grade for estimating PA. Second, this study is based on a single center. Finally, potential comorbidities, including depression, osteoporosis, and muscular weakness, were not completely excluded, though the patients with diseases that might interfere with walking were excluded.
Conclusion
The PA in patients with COPD was different according to the mMRC grade. PAL was reduced compared to the American College of Sports Medicine/American Heart Association recommendation in about one half of the patients with mMRC grades 0 and 1. However, the reduction rate of PAL was much higher in those with an mMRC grade $2. The mMRC grade reflected the increases in the proportion of patients with low PAL. Moreover, mMRC grade $2 was the most balanced cutoff point for stratifying the risks of reduced PAs in COPD. The mMRC questionnaire could be a useful tool for estimating the level of PA in daily life.
